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The modeling process

Define 
problem

Develop 
conceptual 
model

Develop 
mathematical 
model

Calibration

Assessment 
of problem 
using model

Apply 
results

Re-evaluation 
of the problem 
and objectives 
based on 
simulation 
results

Project 
completion

?
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Define 
problem
• Literature 

review
• Preliminary 

analyses
• Data 

collection

Develop 
conceptual 
model
• Processes/ 

budget
• Boundary 

conditions
• Hydrogeologic 

framework
• Data collection

Develop 
mathematical 
model
• Choose model 

code
• Choose how to 

represent 
processes and 
boundary 
conditions

• Construct the 
model

Calibration
• History 

matching
• Sensitivity 

analysis
• Data 

collection

After Reilly (2001) TWRI 3,B8

Where we are
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What is Model Calibration?
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Other 
Disciplines

instrumentation 
‘calibration’
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Other 
Disciplines

‘fitting’
curves
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Other 
Disciplines

‘training’ 
machine learning 

models
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Other 
Disciplines

‘history-matching’ 
petroleum 

reservoir models
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Groundwater 
Modelling

Calibration:

History-matching,

Parameter 

estimation,

Inverse modelling
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Why do we calibrate?
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Unknown 
Material 

Properties
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Unknown 
Boundary 

Fluxes
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Model 
Structural Error

Parameter 

compensation of 

model error

Model represents a 

process ‘wrong’

Too simple?
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Unavoidable? Simple Complex

too much 

structural 

error 

more parameters

longer run times

…still structural error

too time 

consuming 

and unstable 

to calibrate

more processes

more realistic process 

representation

less numerically stable

more resolution
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How do we calibrate?
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Construct 
Historic 
Scenario
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Field 
Observations
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Field 
Observations
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Field 
Observations
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Simulated 
Equivalents
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Simulated 
Equivalents
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Observed 
compared to 

simulated
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Observed 
compared to 

simulated
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Tweak 
Parameter 

Values hk1

vk2

infil_fac1

ss1

lowell_cond

drain_cond1

trib_mult1

riv_cond1

and so on…



24

Tweak 
Parameter 

Values
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Residuals
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Residuals

Residuals = 2, -3, 4, …

Residuals = 1, -5, 2, …
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Objective 
Function
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Minimizing 
Objective 
Function

Φ(parameters)

parameter
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Minimizing 
Objective 
Function
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Minimizing 
Objective 
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hk1

vk2

infil_fac1

ss1

lowell_cond

drain_cond1

trib_mult1

riv_cond1

Minimizing 
Objective 
Function
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hk1

vk2

infil_fac1

ss1

lowell_cond

drain_cond1

trib_mult1

riv_cond1

Minimizing 
Objective 
Function
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par1

par2

par3

par4

obs1 obs2 obs3 . . .

. 
. 
.

Δ𝜙1
Δ𝑝𝑎𝑟1

Δ𝜙2
Δ𝑝𝑎𝑟1
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. . .
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. 
.
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Function
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Minimizing 
Objective 
Function

Iteration
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Common 
Challenges

long run times
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Common 
Challenges

parameter 
correlation
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Common 
Challenges

non-uniqueness

parameter 1
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Common 
Challenges

non-uniqueness
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Common 
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weighting
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Common 
Challenges

model 
inadequacy



52

Common 
Challenges

systematic 
misfits or 
tradeoffs
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Common 
Challenges

systematic 
misfits or 
tradeoffs
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Common 
Challenges

overfitting

x

f(x)
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x

f(x)

w

f(w)

???

Common 
Challenges

scenario 
forecasts 

uninformed by 
data
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Common 
Challenges

scenario 
forecasts 

uninformed by 
data
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Implementation
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PEST(++)
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Wrapping 
Model

MODFLOW

(solving flow equations)

INPUT
(adjustable and non-

adjustable properties 

and boundaries)

OUTPUT
(heads and flows at 

grid cells)

Write input files with 

calculated parameters

Calculate new parameter 

values

objective function good

MODEL

Observation Data

DATAPEST

Calculate Objective 

Function

objective function too high
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Techniques

many settings for 
tweaking parameter 

estimation

Tikhonov Regularization

Singular Value Decomposition

SVD-Assist

Iterative Ensemble Smoother
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High-
throughput 
computing
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High-
throughput 
computing
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Iterate
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Iterate
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What else?
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Uncertainty 
Analysis

MODFLOW

(solving flow equations)

INPUT
(adjustable and non-

adjustable properties 

and boundaries)

OUTPUT
(heads and flows at 

grid cells)

Observation Data



Thanks for listening!


